DNA methylation establishment during oocyte growth: mechanisms and significance.
DNA methylation in the oocyte has a particular significance: it may contribute to gene regulation in the oocyte and marks specific genes for activity in the embryo, as in the case of imprinted genes. Despite the fundamental importance of DNA methylation established in the oocyte, knowledge of the mechanisms by which it is conferred and how much is stably maintained in the embryo has remained very limited. Next generation sequencing approaches have dramatically altered our views on DNA methylation in oocytes. They have revealed that most methylation occurs in gene bodies in the oocyte. This observation ties in with genetic evidence showing that transcription is essential for methylation of imprinted genes, and is consistent with a model in which DNA methyltransferases are recruited by the histone modification patterns laid down by transcription events. These findings lead to a new perspective that transcription events dictate the placing and timing of methylation in specific genes and suggest a mechanism by which methylation could be coordinated by the events and factors regulating oocyte growth. With these new insights into the de novo methylation mechanism and new methods that allow high resolution profiling of DNA methylation in oocytes, we should be in a position to investigate whether and how DNA methylation errors could arise in association with assisted reproduction technologies or in response to exposure to environmental toxins.